INTRODUCTION
Numerous studies of fish and shellfish, both in the laboratory and in their natural aquatic habitats, have investigated the correlation between chemical exposure and tumor development (7, 16) . A large data base has been compiled in the last 2 decades on the use of fish models in laboratory exposure studies to selected chemicals that focused on the histopathology of the tumors (14, 21) . In spite of all these reports, there is a paucity of information regarding the molecular mechanism of carcinogenesis in fish and, in particular, on the roles of oncogenes in this process.
It was not until 1986 that the first oncogenes were cloned and sequenced from teleost fish (22, 35) . The cmyc gene, cloned and sequenced from the rainbow trout (Oncorhynchus mykiss), was found to be homologous to other vertebrate c-myc gene products (35) . Comparison of c-myc isolated from trout to human and chicken revealed 55% homology shared among the 3 species overall at the predicted amino acid level in coding exons 2 and 3. The c-myc gene has also been sequenced in the zebra fish and similarly found to be highly conserved in regions that encode motifs of known functional significance (27) . The zebra fish c-myc gene has also proven capable of cooperating with an activated H-ras oncogene to transform rat embryo fibroblasts (27) . Recently, c-myc overexpression has been positively correlated with smaller hepatocyte size in both hepatocellular neoplasms and altered foci in diethylnitrosamine-exposed Rivulus ocellatus marmoratus ( 13) .
The ras oncogene was also overexpressed in livers from these exposed fish. The ras gene has been cloned from goldfish liver, and the predicted amino acid sequence of the goldfish ras protein shows nearly an 80% homology with the sequences of mammalian Harvey-ras (Ha-ras), Kirsten-ras (K-ras), and N-ras (22) . Monoclonal antibodies against K-ras, Ha-ras, and c-myc proteins are immunoreactive by Western blot analysis in cell lines from brown bullhead, rainbow trout, common carp, and chinook salmon (24) . Liver tumors from Atlantic tomcod (Microgadus tomcod) collected from the Hudson River display activated K-ras as identified by DNA transfection into NIH3T3 cells (36) . Recently, DNA from trout liver tumors induced by aflatoxin and N methyl-N'-nitro-N-nitrosoguanidine (MNNG) was found to contain K-ras point mutations (4) . These studies suggest that these genes have been both structurally and functionally conserved in the lower vertebrates and that the ras oncogenes may play a role in fish hepatocarcinogenesis.
As the preceding studies suggest, the investigation of the molecular mechanism of carcinogenesis in fish is now an emerging and important field. Sequence, biochemical, and molecular studies all indicate that oncogenes are highly conserved in fish and suggest that the mechanisms of carcinogenesis are similar to those observed in rats and humans (33, 34 32p-labeled probes were prepared by the random primer labeling method (20) according to manufacturer's directions (Life Technologies, Inc.). K-ras probes were derived from mouse plasmid pHiHi3 (provided by T. Shih). The c-myc probe was made from a 1.5 Kb EcoRl-Pstl fragment of the subclone C 181 which contained exons 2 and 3 and the intervening intron of rainbow trout c-myc (35 (38) . These cells exhibit only a small amount of endogenous pan-ras (Fig.  lA, B ) and c-myc ( Fig. 2A) (Fig. 1 C,  D) . Some cells also exhibit ras localization in the ruffling membrane (Fig. 1C) . A precise localization of c-myc protein in perinuclear regions is seen in RTH-149 cells (Fig.   2B-D) . The RTM cells are rounded and often clustered in small colonies. Localization of ras in these cells was in the cytoplasmic and membrane regions (Fig. IE, F) .
Perinuclear c-myc localization is obvious in RTM cells (Fig. 2E, F (Fig. 3a) ; however, ras appears to be expressed at very low levels in all cell lines and could not be reliably quantitated by densitometry scanning of the Northern blot (data not shown). (18, 19) . Mutations in 3 members of the ras family-H-ras, K-ras, and N-ras-have been implicated in both human and animal tumors. The incidence of mutated ras in human tumors is as high as 95% in exocrine pancreatic tumors (1) . Most of these mutations are clustered at codons 12, 13, 59, 60, and 61. The ras oncoproteins are related to G proteins and are involved in complex signal transduction pathways.
In humans, c-myc expression is increased in hepatocellular carcinomas (2) and hepatoma cells (28) . The (arrows) and in the ruffling plasma membrane (arrowheads). X1,890. Bar for C and E = 25 J..Lm. D) At higher cell density, ras continues to be localized to perinuclear, cytoplasmic, and membrane regions in RTH cells. X800. Bar for D and F = 50 ~,m. E, F) RTM cells display ras protein in cytoplasmic and membrane regions appearing from perinuclear areas (arrows) to the cell periphery. E) X1,890; F) X 800.
cinomas (25, 30, 37) . Aflatoxin B 1-induced rat hepatocellular carcinomas demonstrate K-ras and N-ras activations (29) . Similarly, DNA from trout liver tumors induced by aflatoxin and MNNG contains K-ras point mutations (4).
We examined the localization and expression of c-ras and c-myc in rainbow trout cell lines derived from both normal and tumor tissue. Anti-mouse antibodies were used to immunostain for pan-ras and c-myc proteins. We observed a positive staining reaction using anti-mouse antibodies on rainbow trout cells, further validating other studies (22, 27, 35) were elevated in RTH-149 cells. These 2 oncogenes have been associated with hepatocellular carcinomas in both rodent and human studies. In human hepatocellular carcinomas, c-myc proteins and c-myc mRNA levels were increased (2) . Increased expression of c-myc has been reported in rat hepatomas (28) . Activated ras genes appear to be prevalent in mouse hepatocellular carcinomas (25, 30, 37) , aflatoxin B 1-induced rat hepatocellular carcinomas (29) , and chemically induced trout liver tumors (4) but not in human hepatocellular carcinomas (31 Mesothelioma is a neoplastic disease that occurs in both rodents and humans exposed to asbestos or other fibrous carcinogens (8, 9) . Mesothelial cells of the pleura and peritoneum are considered to be the progenitor cells of malignant mesothelioma. Several mesothelioma specimens have been examined in humans, and all cases of nonneoplastic and most neoplastic mesotheliomas (78%) displayed cytoplasmic and often submembranous immunoreactivity for pan-and N-ras (23) . Thus, immunoreactivity for p21 ras protein could not be used to distinguish between malignant and benign mesothelium (23) .
Little, however, is known about mesotheliomas in fish.
One study that described fish collected from Torch Lake, Michigan, which had been used as a repository for copper mining waste, suggests that fine particles such as copper tailings cause mesothelioma of the mesenteric capsule of the spleen in fish (5) . RTM cells displayed a staining pattern for pan-ras similar to that observed in humans, because cytoplasmic and membrane-associated staining were obvious. Northern blot analysis did not reveal mRNA levels of pan-ras that were increased over the other 2 cell lines evaluated. Malignant mesotheliomas related to asbestos exposure stain positively for c-myc, indicating that it may play a role in the formation of malignant mesotheliomas in humans (17) . Northern blots of total RNA from the 3 cell lines revealed that c-myc was expressed in each as 2 bands, of approximately 2.4 and 4.1 kb (Fig. 3a) . The 2.4-kb band is the size expected for a c-myc transcript in vertebrates, including rainbow trout (35) . The 
